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PHYSICAL, CHEMICAL, AND BIOLOGICAL DATA FOR DETAILED STUDY OF IRRIGATION
DRATINAGE IN THE KENDRICK RECLAMATION PROJECT AREA, WYOMING, 1988-90

By Randolph B. See, Pedro Ramirez, Jr., and David A. Peterson

ABSTRACT

In response to increasing concern about the quality of irriga-
tion drainage and its potential effects on fish, wildlife, and human
health, the U.S. Department of the Interior formed an interbureau
Task Group to address related water-quality problems. The Kendrick
Reclamation Project area was one of nine areas assigned the highest
priority for investigation by the interbureau Task Group. This
report lists data for onsite measurements of physical properties and
for water-quality and biota samples from 1988 to 1990, as part of a
detailed study of the effect of irrigation drainage on water quality
and biota in the Kendrick Reclamation Project area.

Water samples collected for analysis included surface water,
ground water, and pore water. Surface-water samples from the North
Platte River, major tributaries, lakes, reservoirs, wetlands,
drains, and canals were collected. In addition, ground-water
samples and pore water from subsurface soil samples were collected.
Data includes major-ion and trace-element concentrations, organo-
chlorine compound concentrations, and discharge measurements.

Biological samples collected for analysis included aquatic
vegetation, invertebrates, fish, and birds. Aquatic-bird use of the
Kendrick area was monitored by weekly census. Adult and juvenile
aquatic birds were collected for liver samples. Reproductive
success of nesting Canada geese, American avocets, and eared grebes
was monitored.

INTRODUCTION

During the last several years, there has been increasing concern about
quality of irrigation drainage--both surface and subsurface water draining
from irrigated land--and its potential effects on fish, wildlife, and human
health. Large concentrations of selenium have been detected in subsurface
drainage from irrigated land in the western part of the San Joaquin Valley in
California (Gilliom and others, 1989). 1In 1983, incidences of mortality,
birth defects, and reproductive failures in aquatic birds were discovered by
the U.S. Fish and Wildlife Service at the Kesterson National Wildlife Refuge
in the western San Joaquin Valley where irrigation drainage was impounded.
Arsenic, heavy metals, and pesticide residues have been detected in addition
to selenium in numerous areas in the western United States that receive
irrigation drainage.

Members of Congress, Federal and State agencies, and several environ-
mental organizations interested in the general nature and extent of contami-
nant problems associated with irrigation drainage have requested information
from the U.S. Department of the Interior (DOI). In October 1985, the DOI



developed the Irrigation Drainage Program and formed an interbureau Task Group
on Irrigation Drainage to address water-quality problems related to irrigation
drainage for which the DOI may have responsibility.

The DOI prepared a management strategy and the Task Group prepared a
comprehensive plan for reviewing irrigation drainage concerns, subsequently
identifying 19 areas that warranted reconnaissance-level studies. The study
areas were identified on the basis of three specific situations: (1) irriga-
tion or drainage facilities constructed or managed by the DOI; (2) National
Wildlife Refuges that receive irrigation drainage; and (3) other migratory
bird or endangered-species management areas that receive water from DOI-funded
projects. The Task Group assigned the highest priority to 9 of the areas
identified (Sylvester and Wilber, 1989). The Kendrick Reclamation Project
area (Kendrick area), near Casper, Wyoming (fig. 1), was one of these areas.

Analyses of samples collected in or near the Kendrick area during the
1986-87 reconnaissance investigation indicated large concentrations of
selenium in water, bottom sediment, and biota (Peterson and others, 1988,
P- 41). An evaluation of whether the large concentrations were localized or
widespread required additional information about the geochemical and biolog-
ical processes controlling the mobility and availability of selenium and
associated trace elements. This report contains a listing of physical
properties, chemical analyses, and observations for samples of water and biota
from the detailed study conducted during 1988-90.

This study was conducted by a DOI interbureau field team composed of a
U.S. Geological Survey (USGS) scientist as team leader, with other USGS, U.S.
Fish and Wildlife Service, and U.S. Bureau of Reclamation scientists repre-
senting several different disciplines. Funding for this study was provided by
the U.S. Department of the Interior and the Wyoming Department of Environ-
mental Quality.

A summary report of the detailed investigation was prepared by See and
others (1992). Previous reports associated with the detailed study at the
Kendrick area have listed geochemical data for soil and plants (Severson and
others, 1989b), described the variability in chemical composition of soil
(Severson and others, 1989a), and described selenium in soil and plants
(Erdman and others, 1989, 1991). Bottom-sediment sample collection, prepara-
tion, analytical techniques, and results have been reported by Harms and
others (1990). Crist (1974) reported on selenium in ground-water samples from
the Kendrick area.

ACCESS TO DATA

The National WATer Data STOrage and REtrieval System (WATSTORE) was
established for handling water data collected through activities of the USGS
and to provide for more effective and efficient means of releasing data to the
public. The system is operated and maintained on the central computer
facilities of the USGS at its National Center, in Reston, Virginia.

Use of WATSTORE can provide a variety of useful products ranging from
simple data tables to complex statistical analyses. A minimal fee, plus the
actual computer cost incurred in producing a desired product, is charged to
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Figure 1.--Location of the study area and the Kendrick Reclamation Project
area. (Irrigated areas modified from maps revised in 1982 by the Casper-
Alcova Irrigation District.)



the requester. Information about the availability of specific types of data,
the acquisition of data or products, and user charges can be obtained locally
from the Water Resources Division’s Wyoming District office (see address given
on the back of the title page).

General inquiries about WATSTORE may be directed to:

Chief Hydrologist

U.S. Geological Survey
437 National Center
Reston, Virginia 22092

Data for ground-water samples collected by the Natrona County Department
of Health are on file at:

City of Casper, Environmental Health Division
Natrona County Health Department

1200 East Third Street

Casper, Wyoming 82601-2990

Bird nesting data are on file at the U.S. Fish and Wildlife Service, Fish
and Wildlife Enhancement, Wyoming State Office at Cheyenne, Wyoming.
Inquiries may be directed to:

Environmental Contaminants Specialist or State Supervisor
U.S. Fish and Wildlife Service

2617 East Lincolnway, Suite A

Cheyenne, Wyoming 82001

(307) 772-2374

PHYSICAL AND CHEMICAL DATA

Physical data collected during this study include discharge, specific
conductance, temperature, and turbidity determinations. Chemical data
collected during this study include major-ion and trace-element concentra-
tions, organochlorine compound concentrations, and isotopic ratios.

Except for water samples analyzed for total (dissolved plus suspended)
constituents, pH, dissolved oxygen, suspended sediment, specific conductance,
and turbidity, all water samples were passed through a 0.45 pm membrane
filter. Specific conductance of the water samples was determined onsite with
a conductivity meter. Turbidity of the water samples was determined nephelom-
etrically (Fishman and Friedman, 1989). During 1988, 51 water samples from
domestic wells were analyzed by the Wyoming Department of Agriculture (WDA)
using the graphite furnace atomic absorption method (U.S. Environmental
Protection Agency, 1979). Except for samples in which isotopic ratios were
determined and the ground-water samples analyzed by WDA, all other water
analyses were conducted at the U.S. Geological Survey National Water Quality
Laboratory in Arvada, Colorado using techniques described in Fishman and
Friedman (1989). Standard USGS guidelines and quality-control procedures were
used for sample collection and onsite determinations (Knapton, 1985) and
laboratory analyses (Friedman and Erdmann, 1982).



Isotopic ratios were used to investigate evaporative processes of water
in the Kendrick area. After filtration, water samples to be analyzed for
oxygen-18/oxygen-16 (0-18/0-16) and deuterium/hydrogen-1 (D/H) isotopic ratios
were preserved with a mercuric-chloride tablet. The 0-18/0-16 isotopic ratio
of water samples was determined using a modification of the method developed
by Epstein and Mayeda (1953). The D/H isotopic ratio of the water samples was
determined by analyzing hydrogen quantitatively extracted from the water
(Kendall and Coplen, 1985). The delta values for 0-18/0-16 and D/H results
are reported in tables relative to Vienna Standard Mean Ocean Water (V-SMOW)
in the per mil notation. The 0-18/0-16 and D/H isotopic ratios were
determined in the USGS Isotope Fractionation Project Laboratory in Reston,
Virginia.

Most water samples were collected monthly from the North Platte River and
major tributaries. The analytical results for those water samples are listed
in table 1 (all tables at the back of report). The monthly water samples from
the North Platte were collected using the equal-width-increment sampling
method. Locations of surface-water sampling sites are shown in figure 2.
During selected periods, point and composite equal-width-increment samples
also were collected daily from the North Platte River and major tributaries
(table 2). Analytical results for water samples collected from wetlands
(ponds, lakes, and reservoirs) are listed in table 3. Location of daily lake
sampling point for Rasmus Lee Lake is shown in figure 4. Locations of
drainwater sampling sites are shown in figure 3. Analytical results for water
samples collected from drains and canals are listed in table 4.

Physical properties and dissolved major-ion and trace-element concentra-
tions in ground-water samples collected by the USGS are listed in table 5.
Specific conductance and dissolved selenium concentration in ground-water
samples collected by the Natrona County Department of Health (NCDH) are listed
in table 6. Because of prior agreement with the NCDH, specific site locations
for samples collected by the NCDH are not shown. Pore water was obtained from
selected intervals of cores of subsurface material using pressure extraction.
Dissolved major-ion and trace-element concentrations in pore water from core
samples collected from shallow test wells near Rasmus Lee Lake are listed in
table 7. Locations of shallow wells near Rasmus Lee Lake are shown in figure
4.

Wells cited in this report are numbered according to the Federal system
of land subdivision in Wyoming. The first number indicates the township and
north of the 40th Parallel Base Line, the second the range west of the Sixth
Principal Meridian, and the third the section in which the well is located.
Lower case letters following the section numbers indicate the position of the
well in the section. The first letter denotes the quarter section
(160 acres), the second letter the quarter-quarter section (40 acres), and the
third letter the quarter-quarter-quarter section (10-acre tract). Subdivisions
of a section are lettered a, b, ¢, and d in a counterclockwise direction,
starting in the northeast quarter. If more than one well is listed in a
10-acre tract, consecutive numbers starting with 1 follow the lower case
letter of the well number. If a section does not measure 1 mi?, it is treated
as a full section with the southeast section corner serving as the reference
point for subdivision of the section. An example is illustrated in figure 5.

An eight-digit station identification number is used by the USGS to
designate surface-water stations in a downstream order. The first two digits
identify the major drainage in which the station is located--in this case, 10
(Great Basin). The remaining six digits identify the relative location of the
station, with numbers increasing progressively in the downstream direction.
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BIOLOGICAL DATA

Biological samples were collected by personnel of the U.S. Fish and
Wildlife Service with assistance from the Wyoming Game and Fish Department.
Samples of aquatic invertebrates were collected at Rasmus Lee and Goose Lakes,
Thirtythree Mile Reservoir, and Illco and Oxbow Ponds with light traps similar
to those described by Espinosa and Clark (1972). Benthic invertebrates
(Chironomid larvae) were picked from bottom grab samples and from the surface
with a sweep net at Rasmus Lee Lake and Oxbow Pond. Samples of pondweed
(Potamogeton spp.) were collected manually from Rasmus Lee and Goose Lakes,
Thirtythree Mile Reservoir, Illco and Oxbow Ponds, and Soda Lake. Fish were
collected from Illco Pond and Thirtythree Mile and Goldeneye Reservoirs using
seines and gill nets. Electroshocking equipment was used to collect fish from
the North Platte River downstream of Grey Reef Dam (NPl), Poison Spider Creek
(NP2), downstream of Oregon Trail Drain (NP3), and downstream of Casper Creek
(NP4), Site locations are shown in figure 2.




Il1lco Pond is a small pond located south of the Middle Fork Casper Creek
near the junction of North Fork Casper Creek. "Illco" is not a formal geo-
graphic name, but it is used by local residents and personnel working on this
study. The three remaining wetlands, Oxbow Pond, Soda Lake, and Goldeneye
Reservoir (Burlington Lake), were outside the Kendrick area and were used as
reference sites. Oxbow Pond, a reference site, which is not identified offi-
cially on any USGS map series, is a small body of water east of the junction
of Bates Creek and the North Platte River. Soda Lake is a reference site
unimpacted by irrigation drainage. The formal geographic name of Goldeneye
Reservoir is "Burlington Lake.” The Wyoming State Engineer has permitted
Goldeneye Reservoir as Johnson No. 1 Reservoir (written communication, Randy
Tullis, 1992); however, road signs, project personnel, and residents of the
Casper area identify it as Goldeneye Reservoir. Therefore, it is identified
as Goldeneye Reservoir in this report. Rasmus Lee Lake is permitted by the
Wyoming Engineer’'s Office as "Lee’s Reservoir."” Thirtythree Mile Reservoir is
permitted by the Wyoming State Engineer’s Office as "Bressler Reservoir”
(written commun., Randy Tullis, 1992).

Adult and juvenile aquatic birds were collected for liver samples using a
shotgun and steel shot. Aquatic bird carcasses found in the Kendrick area
were retrieved and submitted for necropsy to the Colorado State University
Veterinary Diagnostic Laboratory in Fort Collins, Colorado. Livers from all
bird specimens were removed with stainless steel dissection tools and placed
in pre-cleansed (acid washed and solvent rinsed) glass jars for tissue-residue
analyses. All biological specimens were kept on ice and then frozen as soon
as possible.

Biological samples were analyzed for trace elements by one of the
following laboratories under contract with the U.S. Fish and Wildlife Service
Patuxent Analytical Control Facility (PACF): Hazelton Laboratories America,
Inc., Madison, Wisconsin; Environmental Trace Substances Research Center,
Columbia, Missouri; and Research Triangle Institute, Research Triangle Park,
North Carolina. The laboratories analyzed the samples for selenium and
arsenic using hydride generation atomic absorption spectroscopy or graphite
furnace atomic absorption spectroscopy, and for mercury by cold vapor reduc-
tion. Other elements including boron, cadmium, and lead were analyzed by
inductively coupled plasma atomic spectroscopy. Organochlorine pesticides and
polychlorinated biphenyls were analyzed using packed, capillary, or megabore
column, electron capture gas chromatography. Laboratory quality control was
assured through the PACF. The precision and accuracy of the laboratory analy-
ses were confirmed with procedural blanks, duplicate analyses, test recoveries
of spiked materials, and reference material analyses. All U.S. Fish and
Wildlife Service analyses received a PACF quality-assurance review.

The primary method used to assess accuracy of analyses of biological
tissue samples was percentage recovery of spiked analyte. Laboratory accuracy
was established for each type of analysis and was expected to be within the
standards listed in table 8. Duplicate samples were analyzed to provide a
measure of analytical precision. Duplicate analyses were evaluated in accor-
dance with the criteria listed in table 9. The results of the analyses for
organochlorine pesticides and polychlorinated biphenyls are listed in
table 10. Wet weight organochlorine pesticide and polychlorinated biphenyl
concentrations are shown in table 11.
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The test recoveries of spiked materials reported with a batch of samples
submitted to a laboratory for analysis were compared to the average recovery
for that laboratory and each analyte. If the reported recoveries were within
the 95-percent confidence interval for the mean recovery, the accuracy of the
analysis was considered acceptable by PACF. In addition to the test recov-
eries of spiked materials, standard reference materials were analyzed.
Results were compared to both the laboratory average and the certified value.
Accuracy and precision for biota sample analyses included in this report were
considered acceptable by PACF. The percentage moisture and dry-weight trace-
element concentrations for biota are listed in table 12.

Aquatic-bird use in the Kendrick area was quantified by a weekly census
from March through October in 1988 and 1989. Bird surveys were conducted at
Rasmus Lee and Goose Lakes, Thirtythree Mile Reservoir, and Illco and Oxbow
Ponds. Access to Illco Pond was not permitted in 1989; hence, no data are
available for that year. Observations were made using a 15- to 60-power zoom
spotting scope and binoculars. Counts were made between 0700 and 1100 hours.
Date, time of survey, duration of survey, species, and total number of indi-
viduals per species were recorded. Observations of bird species at the
Kendrick area are listed in tables 13 to 21.

In 1989, hatching dates were estimated from the date of initial visit,
clutch size, incubation period for each species, and stage of incubation of
randomly collected eggs. Eggs that failed to hatch were collected and the
embryos examined for deformities. The egg contents or embryos were placed in
chemically cleansed glass jars and saved for chemical analysis. Onsite data
sheets for aquatic bird nest monitoring are on file with the U.S. Fish and
Wildlife Service in Cheyenne, Wyoming. Frequency of aquatic bird nest
monitoring is listed in table 22.

SUMMARY

In response to increasing concern about the quality of irrigation drain-
age and its potential effects on fish, wildlife, and human health, the U.S.
Department of the Interior formed an interbureau Task Group to address related
water-quality problems. The interbureau Task Group identified 19 areas that
warranted onsite reconnaissance-level studies. The Kendrick Reclamation
Project area was one of nine areas assigned the highest priority for investi-
gation by the interbureau Task Group. Previous reports listed data for soil,
plant, and bottom-sediment samples. This report lists data for water-quality
and biota samples collected at the Kendrick Reclamation Project area during
the 1988-90 detailed study.

Surface-water samples from the North Platte River, major tributaries,
wetlands (ponds, lakes, and reservoirs), drains, and canals were collected.
In addition, ground-water samples from wells and a spring and pore-water
samples from core samples of soil were collected and analyzed. Major
constituent and trace-element concentrations were determined for all water
samples.

Biological samples collected for trace-element analysis included aquatic
vegetation, invertebrates, fish, and birds. Aquatic-bird use was monitored by
weekly census. Adult and juvenile aquatic birds were collected for liver
samples. Reproductive success of nesting Canada geese, American avocets, and
eared grebes was monitored.

11
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Table 6.--Specific conductance and dissolved selenium in ground-water
samples collected by the Natrona County Department of Health

[Depth of well, datum is land surface; uS/cm, microsiemens per centimeter at

25 degrees Celsius; ug/L, micrograms per liter; --, no data; <, less than]
County Depth Specific

sample Location of conductance, Selenium,

identifi- Township Range well onsite dissolved
cation No. north west Section (feet) (uS/cm) (ug/1)
89004251 33 80 4 16 4,690 99
89004252 34 80 32 40 2,210 25
89004253 34 80 32 12 2,790 25
89004254 30 82 9 15 550 <5
89004255 32 81 28 15 930 <5
89004256 33 81 27 110 1,630 <5
89004257 34 81 14 60 6,100 1,400
89004258 33 80 4 40 1,130 8
89004259 -- -- -- 500 2,840 6
89004260 34 80 32 10 3,960 41
89004572 33 80 4 15 1,060 5
89004573 34 80 34 20 930 <5
89004574 33 80 4 28 3,310 310
89004575 34 81 14 60 6,380 1,700
89004576 33 80 4 16 3,450 170
89004577 -- -- -- 25 1,730 310
89004578 35 80 7 20 2,340 11
89004579 -- -- -- 80 5,380 160
89004580 33 80 3 30 2,650 10
89004581 33 80 4 30 660 <5
89004582 33 80 4 12 1,220 <5
89004583 33 80 4 60 3,520 490
89004584 33 80 4 18 8,020 250
839004585 33 80 3 40 2,080 290
89004586 33 80 4 42 3,010 240
89004587 -- -- -- 80 3,010 35
89004592 34 81 2 3,000 2,360 <5
89004593 -- -- -- 35 950 <5
89004594 -- -- -- 250 1,770 53
89004595 -- -- -- -- 4,270 6
89004596 34 81 23 1,000 5,810 5
89004597 33 80 4 -- 2,140 <5
89004598 -- -- -- 43 800 5
89004599 33 80 4 30 1,020 6
89004600 33 80 4 30 1,730 170
89004601 35 81 35 25 2,960 7
89004602 33 80 4 25 3,630 300
89004603 -- -- -- 42 1,880 90
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Table 6.--Specific conductance and dissolved selenium in ground-water
samples collected by the Natrona County

Department of Health--Continued

County Depth Specific

sample Location of conductance, Selenium,
identifi- Township Range well onsite dissolved
cation No, north west Section (feet) (uS/cm) (ug/L)
89004604 -- -- -- 600 3,040 5
89004605 34 80 32 40 2,840 390
89004606 34 81 27 spring 3,250 71
89004607 34 80 34 -- 796 13
89004608 -- -- -- 75 1,510 63
89004609 34 80 34 15 829 <5
89004834 33 80 3 -- -- 9
89004835 33 80 4 -- -- 8
89004836 34 81 23 -- -- 21
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Table 8.--Standards of accuracy for trace-residue analyses in
biological tissue samples

[ICP, inductively coupled plasma spectroscopy; AA, atomic absorption
spectroscopy; GC, gas chromatography]

Acceptable recovery range

Method Analyte of spiked analyte (percent)
ICP Boron 80-120
Cadmium 80-120
Lead 80-120
AA Selenium 85-115
Arsenic 85-115
GC Organochlorine 80-120

pesticides
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Table 9.--Criteria for laboratory analyses of duplicate
biological tissue samples

[ICP, inductively coupled plasma spectroscopy; AA, atomic absorption
spectroscopy; LOD, limit of detection; >, greater than; from John Moore,
Patuxent Analytical Control Facility Reference Manual, written
commun., 1990]

Concentration + 95-percent Average relative
range! confidence percentage
(micrograms interval difference?

Analyte per gram) (percent) (percent)
Metals (ICP)3 2-10 x LOD 30 17.3
Metals (ICP)$ > 10 x LOD 15 8.64
Metals (AA)* 2-10 x LOD 20 11.5
Metals (AA)* > 10 x LOD 10 5.75
Organochlorine 2-10 x LOD 30 17.3

pesticides
Organochlorine > 10 x LOD 15 8.64

pesticides

1The range, in multiples of the limit of detection, in which the
sample falls. For samples with a concentration less than two
times the limit of detection, the 95-percent confidence
interval is assumed to be + 2 x LOD.

2The relative percentage difference needed to produce the stated
95-percent confidence interval listed in the table. This is the
average of all the relative percentage differences of a given
laboratory in a given matrix.

3ICP analyses included boron, cadmium, and lead.

4AA analyses included selenium and arsenic.
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Table 10.--List of analyses of biological samples for organochlorine

pesticides and polychlorinated biphenyls

Compound
abbreviation

Compound name

HCB

a-BHC

v-BHC

B-BHC

é§ -BHC
Oxychlordane
Hept. Epox.
v-Chlordane
t-Nonachlor
Toxaphene
PCBs (total)
o, p’'-DDE
a-Chlordane
P, p'-DDE
Dieldrin
o,p'-DDD
Endrin
cis-nonachlor
o, p'-DDT

p, p'-DDD

p, p’'-DDT
Mirex

Hexachlorobutadiene

Alpha or hexachlorocyclohexane

Gamma hexachlorocyclohexane

Beta hexachlorocyclohexane
Deltahexachlorocyclohexane

Oxychlordane

Heptachlor Epoxide

Gamma Chlordane

t-Nonachlor

Toxaphene

Polychlorinated biphenyls (total)

o, p'-1,1-BIS(chlorophenyl)-2,2-dichlorethene
Alpha-chlordane

P, p'-(1,1-BIS (chlorophenyl)-2,2-dichloroethene)
Dieldrin

o, p'-(1,1-BIS (chlorophenyl)-2,2-dichloroethene)
Endrin

cis-nonachlor

o, p'-(1,1-BIS (chlorophenyl)-2,2,2-trichloroethene)
P, P’'-(1,1-BIS (chlorophenyl)-2,2-dichloroethene)
p, p'-(1,1-BIS (chlorophenyl)-2,2,2-trichloroethene)
Mirex
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Table 12.--Trace-element concentrations in biota (dry weight), 1988-89

[A11 concentrations in micrograms per gram; <, less than reporting limit; Cr, Creek;

juv, juvenile; spp., species; --, no data]}
Sample Moisture
number Species Matrix Site Date (percent)
33MAQVS Potamogeton Composite Thirtythree 07-01-88 83.6
Mile Reservoir
33MAQV6 Potamogeton Composite Thirtythree 07-01-88 81.8
Mile Reservoir
33MAQV7 Potamogeton Composite Thirtythree 08-06-89 85.9
Mile Reservoir
33MAQV8 Potamogeton Composite Thirtythree 08-06-89 81.2
Mile Reservoir
33MAQVS Potamogeton Composite Thirtythree 08-06-89 80.2
Mile Reservoir
33MAQV-1 Potamogeton Composite Thirtythree 06-08-88 88.4
Mile Reservoir
33MAQV-3 Potamogeton Composite Thirtythree 06-30-88 91.4
Mile Reservoir
GLAQV12 Potamogeton Composite Goose Lake 07-01-88 83.0
GLAQV13 Potamogeton Composite Goose Lake 07-01-88 85.1
GLAQV14 Potamogeton Composite Goose Lake 07-01-88 84.5
GLAQV-1 Potamogeton Composite Goose Lake 05-26-88 81.1
GLAQV-2 Potamogeton Composite Goose Lake 05-26-88 83.6
GLAQV-3 Potamogeton Composite Goose Lake 05-26-88 85.3
GLAQV-4 Potamogeton Composite Goose Lake 05-26-88 86.0
GLAQV-6 Potamogeton Composite Goose Lake 06-30-88 87.0
GLAQV-7 Potamogeton Composite Goose Lake 06-30-88 86.5
GLAQV-8 Potamogeton Composite Goose Lake 06-30-88 89.3
GLAQV-9 Potamogeton Composite Goose Lake 06-30-88 89.0
GLAQV-10 Potamogeton (seeds) Composite Goose Lake 07-13-88 87.7
GLAQV-11 Potamogeton (seeds) Composite Goose Lake 07-13-88 84.3
IPAQV-1 Potamogeton Composite I[11co Pond 06-02-88 86.9
IPAQV-2 Potamogeton Composite I11co Pond 06-02-88 84.6
IPAQV-3 Potamogeton Composite I11co Pond 06-02-88 84.9
IPAQV-4 Potamogeton Composite I11co Pond 06-30-88 86.9
IPAQV-5 Potamogeton Composite I11co Pond 06-30-88 89.8
IPAQV-6 Potamogeton Composite I11co Pond 06-30-88 83.1
IPAQV-7 Potamogeton Composite I11co Pond 06-30-88 87.9
OPAQV-1 Potamogeton Composite Oxbow Pond 06-06-88 86.6
OPAQV-2 Potamogeton Composite Oxbow Pond 07-06-88 86.5
OPAQV-3 Potamogeton Composite Oxbow Pond 07-14-88 90.6
OPAQV-4 Potamogeton Composite Oxbow Pond 07-14-88 87.3
RLAQV10 Potamogeton Composite Rasmus Lee Lake 07-01-88 88.6
RLAQV11 Potamogeton Composite Rasmus Lee Lake 07-01-88 85.9
RLAQV-1 Potamogeton Composite Rasmus Lee Lake 05-26-88 92.1
RLAQV-2 Potamogeton Composite Rasmus Lee Lake 05-26-88 90.1
RLAQV-3 Potamogeton Composite Rasmus Lee Lake 05-26-88 92.5
RLAQV-4 Potamogeton Composite Rasmus Lee Lake 05-26-88 91.3
RLAQV-5 Potamogeton Composite Rasmus Lee Lake 07-06-88 85.1
RLAQV-6 Potamogeton Composite Rasmus Lee Lake 07-13-88 86.6
RLAQV-7 Potamogeton Composite Rasmus Lee Lake 07-13-88 87.4
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Table 12.--Trace-element concentrations in biota (dry weight), 1988-89--Continued

Sample Magne- Alumi- Anti- Beryl-

number sium num mony Arsenic Barium Tium Boron Cadmium
33MAQV5 6280 2480 <20.0 1.85 118 0.560 199 <0.800
33MAQV6 6100 1120 <20.0 1.55 68.0 0.353 213 <0.800
33MAQV7 4870 3880 <45.0 1.66 68.3 <0.300 590 <0.700
33MAQV8 5620 5420 <45.0 2.31 98.9 <0.300 672 <0.700
33MAQV9 6330 7360 <45.0 2.55 146 0.386 393 <0.700
33MAQV-1 6340 410 <25.0 1.68 20.7 <0.120 177 <0.500
33MAQV-3 6880 871 <25.0 1.54 43.9 <0.120 183 <0.500
GLAQV12 12600 496 <45.0 2.81 5.66 <0.300 641 <0.700
GLAQV13 10800 868 <45.0 1.98 8.26 <0.300 300 <0.700
GLAQV14 10100 522 <45.0 2.30 5.57 <0.300 455 <0.700
GLAQV-1 10000 530 <25.0 4.67 8.45 <0.120 283 0.856
GLAQV-2 9020 105 <25.0 7.00 4.01 <0.120 322 0.582
GLAQV-3 8800 88.7 <25.0 4.98 3.57 <0.120 298 <0.500
GLAQV-4 9520 299 <25.0 2.64 5.48 <0.120 282 <0.500
GLAQV-6 14200 352 <25.0 5.29 9.26 <0.120 582 <0.500
GLAQV-7 16400 184 <25.0 5.73 8.77 <0.120 818 <0.500
GLAQV-8 17200 289 38.8 5.01 8.20 <0.120 625 <0.500
GLAQV-9 12800 257 <25.0 5.31 8.12 <0.120 585 <0.500
GLAQV-10 14300 479 <25.0 1.89 8.89 0.210 111 <0.500
GLAQV-11 13700 1060 <25.0 2.79 14.1 <0.120 126 0.716
IPAQV-1 10100 618 <25.0 2.89 41.4 <0.120 349 0.758
IPAQV-2 11200 158 <25.0 2.18 15.1 <0.120 487 <0.500
IPAQV-3 12000 91.9 <25.0 1.75 10.9 <0.120 616 <0.500
IPAQV-4 10500 572 <25.0 1.80 75.5 <0.120 661 <0.500
IPAQV-5 9020 957 32.0 2.32 112 <0.120 542 <0.500
IPAQV-6 9810 358 <25.0 0.93 38.8 <0.120 320 <0.500
IPAQV-7 10400 1650 <25.0 3.08 100 0.139 429 <0.500
OPAQV-1 9840 69.1 <25.0 0.15 8.53 <0.120 517 1.430
OPAQV-2 9280 45.7 <25.0 0.15 8.39 <0.120 584 0.799
OPAQV-3 7600 <15.0 <25.0 0.15 17.1 <0.120 536 <0.500
OPAQV-4 9000 21.0 <25.0 1.60 17.4 <0.120 562 <0.500
RLAQV10 17700 353 <45.0 44.8 5.10 <0.300 787 <0.700
RLAQV11 16400 415 <45.0 40.4 5.53 <0.300 817 <0.700
RLAQV-1 20500 207 <25.0 7.09 3.84 <0.120 379 <0.500
RLAQV-2 18900 197 <25.0 4.68 3.64 <0.120 364 <0.500
RLAQV-3 20600 320 <25.0 7.04 5.39 <0.120 371 <0.500
RLAQV-4 18200 215 <25.0 4.52 3.67 <0.120 354 <0.500
RLAQV-5 16900 587 <25.0 7.94 9.05 <0.120 588 <0.500
RLAQV-6 13200 459 <25.0 5.99 7.13 <0.120 487 <0.500
RLAQV-7 15800 1080 <25.0 12.2 15.5 <0.120 554 <0.500
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Table 12.--Trace-element concentrations in biota (dry weight), 1988-89--Continued

Sample Chro- Manga- Molyb-
number mium Cobatt Copper Iron Lead nese Mercury denum
33MAQV5 1.00 2.50 2.50 3500 <11.0 451 <0.040 <5.00
33MAQV6 1.00 6.28 2.50 1990 <11.0 411 <0.040 <5.00
33MAQV7 5.15 4.57 6.51 3090 <8.00 557 <0.030 <8.00
33MAQV8 7.20 6.75 6.98 4700 <8.00 930 0.041 <8.00
33MAQVS 10.2 7.94 7.60 7670 <8.00 796 <0.030 <8.00
33MAQV-1 0.95 3.97 6.75 1230 <15.0 292 0.023 <12.0
33MAQV-3 0.95 <3.00 5.10 1750 <15.0 365 <0.020 <12.0
GLAQV12 <3.00 <3.50 <4.00 280 <8.00 157 <0.030 <8.00
GLAQV13 <3.00 <3.50 <4.00 430 <8.00 56.3 <0.030 <8.00
GLAQV14 <3.00 <3.50 <4.00 317 <8.00 134 <0.030 <8.00
GLAQV-1 <1.90 <3.00 <3.40 577 <15.0 437 0.047 <12.0
GLAQV-2 <1.90 3.79 4.37 138 <15.0 473 0.024 <12.0
GLAQV-3 <1.90 <3.00 <3.40 153 <15.0 359 0.054 <12.0
GLAQV-4 <1.90 <3.00 <3.40 314 <15.0 376 0.044 <12.0
GLAQV-6 <1.90 <3.00 <3.40 358 <15.0 2500 <0.020 <12.0
GLAQV-7 <1.90 4.65 4.33 252 <15.0 2390 <0.020 <12.0
GLAQV-8 <1.90 <3.00 <3.40 316 <15.0 2070 <0.020 <12.0
GLAQV-9 <1.90 5.36 <3.40 291 <15.0 2510 <0.020 <12.0
GLAQV-10 <1.90 <3.00 5.71 562 <15.0 90.9 <0.020 <12.0
GLAQV-11 2.08 <3.00 5.79 967 <15.0 89.8 <0.020 <12.0
IPAQV-1 <1.90 ¢3.00 <3.40 3090 <15.0 1320 <0.020 <12.0
IPAQV-2 <1.90 3.27 <3.40 1790 <15.0 884 0.041 <12.0
IPAQV-3 <1.90 3.37 <3.40 741 <15.0 720 0.031 <12.0
IPAQV-4 <1.90 6.56 <3.40 1060 <15.0 1580 0.053 <12.0
IPAQV-5 <1.90 3.71 <3.40 1610 <15.0 3350 <0.020 <12.0
IPAQV-6 <1.90 <3.00 <3.40 761 <15.0 684 <0.020 <12.0
IPAQV-7 2.14 <3.00 <3.40 2600 <15.0 1170 <0.020 <12.0
OPAQV-1 <1.90 <3.00 8.62 638 <15.0 58.4 <0.020 <12.0
OPAQV-2 <1.90 <3.00 <3.40 296 <15.0 39.4 <0.020 <12.0
OPAQV-3 <1.90 <3.00 <3.40 171 <15.0 40.4 <0.020 <12.0
OPAQV-4 <1.90 <3.00 <3.40 182 <15.0 41.4 <0.020 <12.0
RLAQV1O <3.00 <3.50 6.92 277 <8.00 759 <0.030 <8.00
RLAQV11 <3.00 <3.50 6.04 346 <8.00 671 <0.030 <8.00
RLAQV-1 <1.90 <3.00 8.47 291 <15.0 49.6 <0.020 <12.0
RLAQV-2 <1.90 <3.00 7.36 292 <15.0 42.0 <0.020 <12.0
RLAQV-3 <1.90 <3.00 6.68 452 <15.0 60.9 <0.020 <12.0
RLAQV-4 <1.90 <3.00 6.07 284 <15.0 44.5 <0.020 <12.0
RLAQV-5 <1.90 <3.00 3.44 739 <15.0 48.8 <0.020 <12.0
RLAQV-6 <1.80 5.35 <3.40 521 <15.0 87.3 <0.020 <12.0
RLAQV-7 <1.90 <3.00 <3.40 1290 <15.0 166 <0.020 <12.0
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Table 12.--Trace-element concentrations in biota (dry weight), 1988-89--Continued

Sample Sele- Stron- Thal- Vana-

number Nickel nium Siiver tium 1ium Tin dium Zinc
33MAQVS 5.85 2.30 <12.0 468 -- <25.0 1.25 28.5
33MAQVE 2.50 2.84 <12.0 285 - <25.0 1.25 29.2
33MAQV7 5.51 1.81 <13.0 167 -- <40.0 13.5 32.1
33MAQV8 8.51 2.25 <13.0 237 -- <40.0 17.9 43.9
33MAQVS 11.5 1.62 <13.0 374 -- <40.0 22.3 42.7
33MAQV-1 2.25 0.33 < 7.20 104 - <20.0 2.86 36.9
33MAQV-3 2.25 0.10 <7.20 150 -- <20.0 3.61 24.8
GLAQV12 <4.00 9.00 <13.0 166 - <40.0 4.27 16.0
GLAQV13 <4.00 3.32 <13.0 162 -- <40.0 4.01 20.8
GLAQV14 <4.00 9.54 <13.0 147 -— <40.0 3.46 16.2
GLAQV-1 <4.50 16.2 <7.20 175 -- <20.0 2.87 7.5
GLAQV-2 <4.50 27.9 <7.20 153 - <20.0 2.21 7.5
GLAQV-3 <4.50 19.9 <7.20 143 - <20.0 2.20 7.5
GLAQV-4 <4.50 18.1 <7.20 150 -- <20.0 2.65 7.5
GLAQV-6 <4.50 16.4 <7.20 170 - <20.0 3.66 26.3
GLAQV-7 4.65 18.3 <7.20 243 -- <20.0 3.21 124
GLAQV-8 4.96 19.2 <7.20 194 -- <20.0 2.85 58.5
GLAQV-9 4.78 15.2 <7.20 166 -- <20.0 3.01 87.3
GLAQV-10 5.91 10.3 <7.20 131 -- <20.0 2.56 33.6
GLAQV-11 <4.50 8.65 <7.20 132 -~ <20.0 3.81 39.1
IPAQV-1 <4.50 7.02 <7.20 1200 - <20.0 3.99 21.9
IPAQV-2 <4.50 7.31 <7.20 434 -- <20.0 2.50 25.1
IPAQV-3 <4.50 7.67 <7.20 333 -- <20.0 1.33 22.1
IPAQV-4 <4.50 2.97 12.1 370 -- <20.0 3.35 21.6
IPAQV-5 <4.50 4.01 <7.20 356 -- <20.0 4.86 23.8
IPAQV-6 <4.50 2.43 <7.20 222 -- <20.0 1.96 15.3
IPAQV-7 <4.50 2.86 <7.20 492 -- <20.0 5.26 18.7
OPAQV-1 <4.50 1.81 <7.20 148 -- <20.0 1.51 43.6
OPAQV-2 <4.50 3.57 <7.20 166 -- <20.0 0.60 7.5
OPAQV-3 <4.50 2.72 <7.20 285 -- <20.0 0.60 16.4
OPAQV-4 <4.50 3.16 <7.20 298 -- <20.0 0.60 7.5
RLAQV1O <4.00 25.7 <13.0 153 -- <40.0 6.17 31.5
RLAQV11 <4.00 25.5 <13.0 142 - <40.0 5.48 28.7
RLAQV-1 <4.50 20.2 <7.20 133 - <20.0 7.19 62.0
RLAQV-2 <4.50 12.6 <7.20 129 -- <20.0 6.61 62.6
RLAQV-3 <4.50 82.9 <7.20 147 -- <20.0 7.54 54.4
RLAQV-4 <4.50 104 <7.20 122 -- <20.0 6.50 55.6
RLAQV-5 <4.50 48.5 <7.20 148 -- <20.0 4.92 17.4
RLAQV-6 <4.50 40.0 13.4 125 -- <20.0 3.56 7.5
RLAQV-7 <4.50 42.7 <7.20 150 - <20.0 6.65 7.5
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Table 12.--Trace-element concentrations in biota (dry weight), 1988-89--Continued

Sample Moisture
number Species Matrix Site Date (percent)
RLAQV-8 Potamogeton Composite Rasmus Lee Lake 07-13-88 89.1
RLAQV-9 Potamogeton Composite Rasmus Lee Lake 07-13-88 84.3
SLAQVO1 Potamogeton Composite North Platte at 07-20-89 87.4
Casper Creek
SLAQVO02 Potamogeton Composite North Platte at 07-20-89 84.7
Casper Creek
GLAQI-1 Amphipod/Copepod Composite Goose Lake 05-12-88 78.3
GLAQI-2 Amphipod/Copepod Composite Goose Lake 05-12-88 69.1
GLAQI-3 Amphipod/Copepod Composite Goose Lake 05-12-88 65.5
GLAQI-4 Amphipod/Copepod Composite Goose Lake 06-07-88 89.1
GLAQI-5 Amphipod/Copepod Composite Goose lLake 06-07-88 91.0
GLAQI-6 Amphipod/Copepod Composite Goose lLake 06-07-88 90.9
GLAQI-7 Amphipod/Copepod Composite Goose Lake 06-07-88 90.6
GLAQI-8 Amphipod/Copepod Composite Goose Lake 07-12-88 86.5
GLAQI-9 Amphipod/Copepod Composite Goose Lake 07-12-88 85.8
oPBI-1 Chironomid Composite Oxbow Pond 06-13-88 86.0
oPBI-2 Chironomid Composite Oxbow Pond 07-14-88 93.9
oPBI-3 Chironomid Composite Oxbow Pond 07-14-88 90.1
OPBI-4 Chironomid Composite Oxbow Pond 07-22-89 90.2
RLBI-3 Chironomid Composite Rasmus Lee Lake 07-22-89 88.6
RLBI-1 Chironomid Composite Rasmus Lee Lake 06-14-88 86.9
RLBI-2 Chironomid Composite Rasmus Lee Lake 07-12-88 79.0
RLAQI-1 Damselfly Nymph Composite Rasmus Lee Lake 05-17-88 89.0
RLAQI-3 Damseifly Nymph Composite Rasmus Lee Lake 06-14-88 77.7
GLAQI-10 Odonate Composite Goose Lake 07-12-88 73.9
OPAQI-1 Odonate Composite Oxbow Pond 05-18-88 87.6
IPAQI-4 Snail Composite I11co Pond 06-28-88 74.5
OPAQI-3 Snail Composite Oxbow Pond 07-07-88 77.4
OPAQI-5 Snail Composite Oxbow Pond 07-14-88 79.6
OPAQI-6 Snail Composite Oxbow Pond 07-14-88 77.3
33MAQIO1 Water boatmen Composite Thirtythree 07-24-89 87.6
Mile Reservoir
33MAQIQ2 Water boatmen Composite Thirtythree 07-24-89 87.6
Mile Reservoir
33MAQI3 Water boatmen Composite Thirtythree 07-24-89 83.0
Mile Reservoir
33MAQI-1 Water boatmen Composite Thirtythree 06-09-88 79.6
Mile Reservoir
GLAQI11 Water boatmen Composite Goose Lake 06-09-88 75.6
IPAQI-1 Water boatmen Composite I11co Pond 05-17-88 81.8
IPAQI-2 Water boatmen Composite I11co Pond 05-27-88 63.6
IPAQI-3 Water boatmen Composite I11co Pond 05-28-88 89.6
IPAQI-5 Water boatmen Composite I11co Pond 06-02-88 77 .4
OPAQI-2 Water boatmen Composite Oxbow Pond 05-17-88 84.8
OPAQI-4 Water boatmen Composite Oxbow Pond 07-14-88 93.0
RLAQI-2 Water boatmen Composite Rasmus Lee Lake 08-06-88 79.2
RLAQI-4 Water boatmen Composite Rasmus Lee Lake 07-07-88 80.2
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Table 12.--Trace-element concentrations in biota (dry weight), 1988-89--Continued

Sample Magne- Alumi- Anti- Beryl-

number sium num mony Arsenic Barium lium Boron Cadmium
RLAQV-8 15500 1120 <25.0 7.73 12.3 <0.120 541 <0.500
RLAQV-9 17100 2870 <25.0 20.0 29.5 0.175 514 <0.500
SLAQVO1 8090 <40.0 <30.0 13.7 30.8 <0.100 426 <0.400
SLAQVO2 7460 <40.0 <30.0 12.8 27.2 <0.100 427 <0.400
GLAQI-1 6500 1370 <25.0 4.71 39.4 <0.120 9.62 <0.500
GLAQI-2 5610 839 <25.0 4.92 30.8 <0.120 9.18 <«0.500
GLAQI-3 5530 540 <25.0 5.11 18.6 <0.120 7.24  <0.500
GLAQI-4 7480 242 <25.0 6.69 10.9 <0.120 12.0 0.534
GLAQI-5 8140 348 <25.0 7.56 11.9 <0.120 8.85 <0.500
GLAQI-6 7120 394 <25.0 7.77 12.0 <0.120 12.3 <0.500
GLAQI-7 6390 466 <25.0 6.93 13.1 <0.120 13.3 <0.500
GLAQI-8 6220 187 <25.0 6.24 1.24 <0.120 11.4 <0.500
GLAQI-9 6450 241 <25.0 6.47 13.6 <0.120 13.6 <0.500
OPBI-1 2520 569 <25.0 0.15 23.2 <0.120 8.89 <0.500
OPBI-2 1940 278 <25.0 0.15 13.3 <0.120 6.20 <0.500
OPBI-3 2080 265 <25.0 0.15 13.1 <0.120 5.58 <0.500
0PBI4 1510 256 <13.0 0.64 21.8 <0.120 5.83 <0.500
RLBI3 2170 1690 <13.0 4.30 28.4 <0.120 9.27 <0.500
RLBI-1 2760 841 <25.0 3.04 14.8 <0.120 31.9 <0.500
RLBI-2 2300 825 <25.0 2.59 16.1 <0.120 13.2 <0.500
RLAQI-1 5570 9439 <25.0 1.45 1.42 <0.120 15.0 <0.500
RLAQI-3 1250 71.6 <25.0 2.62 1.43 <0.120 7.76  <0.500
GLAQI-10 3210 156 <25.0 2.06 2.13 <0.120 3.75 <0.500
OPAQI-1 1130 7.50 «<25.0 0.15 1.17 <0.120 1.00 <0.500
IPAQI-4 1280 255 <25.0 2.70 28.5 <0.120 2.97 <0.500
OPAQI-3 1680 148 <25.0 0.15 20.7 <0.120 6.73 <0.500
OPAQI-5 1310 44.7 <25.0 1.57 19.0 <0.120 2.34 <0.500
OPAQI-6 1310 31.0 <25.0 1.32 18.1 <0.120 3.05 <0.500
33MAQIO1 1450 153 <20.0 0.30 13.8 <0.200 2.23 <0.500
33MAQIO2 1310 165 <30.0 0.68 8.58 <0.200 2.15 <0.500
33MAQI3 1390 369 <13.0 1.57 16.4 <0.120 1.26 <0.500
33MAQI-1 1490 345 <25.0 0.96 32.9 <0.120 2.67 1.950
GLAQI11 20